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(57) ABSTRACT

An apparatus for processing a packet includes a packet pro-
cessor operating 1n accordance with a clock signal having a
predetermined frequency, to process a packet, and a clock-
signal generator producing the clock signal and transmitting
the clock signal to the packet processor, wherein the clock-
signal generator generates a clock signal having a frequency
defined 1n accordance with a time interval at which packets
are mput into the apparatus.
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APPARATUS FOR PROCESSING PACKETS
AND METHOD OF DOING THE SAME

This patent Application 1s based on Japanese Patent Appli-
cation No. 2007-086561 filed on Mar. 29, 2007. The disclo-

sure of Japanese Patent Application 1s incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The vention relates to an apparatus for processing a
packet, a packet communication device, a method of process-
ing a packet, and a computer-readable storage medium con-
taining a set of nstructions for causing a computer to carry
out a method of processing a packet 1n a packet processing
apparatus.

2. Description of the Related Art

In these days, countermeasures for saving energy are glo-
bally studied 1n order to maintain global environment. Thus,
a lot of countries are now preparing for legislation for saving
energy and reducing a volume of CO, emission. It1s generally
considered that such legislation 1s directed to energy con-
sumption 1n tratfic, transportation, and production, however,
attention 1s recently paid to an increase in energy consump-
tion 1n data communication devices and network inira related
matters as well as electronic devices such as a computer and
a Server.

Since an electronic device such as a computer and a server
1s for a relatively long time 1n a condition for not carrying out
an operation, that 1s, in a stand-by condition, 1t 1s possible to
reduce average consumption of electric power by reducing
clectric power to be consumed 1n a stand-by condition, con-
tributing to reduction 1n an equivalent volume of CO,, emis-
S101.

Since a data communication device 1s required to be 1n a
condition 1n which 1t 1s always able to make data communi-
cation, although analogue communication was replaced with
digital communication, a data communication device 1s not
allowed to be 1n a stand-by condition unlike an electronic
device such as a computer and a server. Accordingly, average
consumption of electric power 1n a data communication
device was conventionally reduced by lowering electric
power by which a data communication steadily worked.

Thus, reduction 1n electric power 1s aimed principally from
a standpoint of device technology, specifically, lowering a
voltage at which a data communication device works by
integrating electronic elements in a higher degree and design-
ing electronic elements 1n a smaller size.

However, as a result of designing electronic elements 1n a
smaller size, an electronic device can presently operate at 1
volt or lower. Thus, a degree of reduction in a voltage at which
clectronic elements operate grows dull. Similarly, a degree of
reduction 1n a voltage at which electronic elements operate,
caused by higher integration of electronic elements, grows
dull. Hence, 1t 1s now quite difficult to significantly reduce
clectronic power consumption in a data communication
device.

Furthermore, a design rule 1in electronic elements 1s now
below 90 nanometers, resulting 1n an increase in current leak-
age, which cannot be 1gnored presently. Though device ven-
dors make attempt to reduce or avoid current leakage, elec-
tronic power to be consumed 1n a data communication device
when 1t 1s 1n a stand-by mode 1s 1increasing.

Many attempts are made from a standpoint of circuit
design. For instance, i a field of a clock synchronization
circuit principally used as an internal circuit for electronic
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parts, an attempt 1s tried to use a non-synchronization circuit
in which a clock signal 1s not used, to thereby reduce elec-
tronic power consumption. Such a non-synchronization cir-
cuit brings an advantage of reducing both electric power
necessary for steady operation and electric power consumed
in a stand-by mode with the result of reduction in average
consumption of electric power.

However, there 1s a problem that, even 11 a designer would
like to choose non-synchronization circuit system for design-
ing a general electronic part such as ASIC and FPGA, tools
for designing electronic parts and testing resultants are not yet
developed.

FIG. 1 1s a block diagram of a related apparatus for pro-
cessing a packet.

Thellustrated apparatus 1000 1s comprised of a first packet
processing unit 1001, a second packet processing unit 1002, a
third packet processing unit 1003, and a clock-signal genera-
tor 1004.

The first packet processing unit 1001 recerves a packet, and
applies a first process to the received packet. A number of
clock stages in the first packet processing unit 1001 1s S1.
After having applied the first process to the packet, the first
packet processing unit 1001 transmits the packet to the sec-
ond packet processing unit 1002.

The second packet processing unit 1002 receives the
packet from the first packet processing unit 1001, and applies
a second process to the received packet. A number of clock
stages 1n the second packet processing unit 1002 1s S2. After
having applied the second process to the packet, the second
packet processing unit 1002 transmits the packet to the third
packet processing umt 1003,

The third packet processing unit 1003 recerves the packet
from the second packet processing umt 1002, and applies a
third process to the received packet. A number of clock stages
in the third packet processing unit 1003 1s S3. After having
applied the third process to the packet, the third packet pro-
cessing unit 1003 outputs the packet out of the apparatus
1000.

The clock-signal generator 1004 generates a clock signal
1005 having a frequency F, and transmits the clock signal
1005 to the first to third packet processing units 1001, 1002
and 1003.

The first packet processing unit 1001 recerves a packet on
receipt of the clock signal 1005 from the clock-signal gen-
crator 1004. On receipt of the clock signal 1005 from the
clock-signal generator 1004, the first packet processing unit
1001 outputs the packet, and simultaneously, the second
packet processing unit 1002 recerves the packet. Similarly, on
receipt of the clock signal 1005 from the clock-signal gen-
erator 1004, the second packet processing unit 1002 outputs
the packet, and simultaneously, the third packet processing
unmit 1003 receives the packet. The third packet processing
unit 1003 outputs a packet out of the apparatus on receipt of
the clock signal 1005 from the clock-signal generator 1004.

In the related apparatus 1000 1llustrated 1n F1G. 1, the clock
signal 1003 transmitted to the first to third packet processing
umts 1001 to 1003 has a fixed frequency F. As a result, the
related apparatus 1000 1s accompanied with a problem that
even 1f a time interval at which packets are mput into the
apparatus 1000 varies, for instance, because mnput traific vol-
ume 15 lowered, 1t 1s not possible to reduce electric power
consumed 1n the apparatus 1000. Specifically, since the first to
third packet processing umts 1001 to 1003 operate 1n accor-
dance with the clock signal 1005 having a fixed frequency F,
clectric power 1s steadily consumed in a driver for transmit-
ting the clock signal 1005, a wire pattern through which the
clock signal 1005 runs and which 1s dependent on a capacity
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ol the wire pattern, a tlip-flop carrying out clocking operation,
and/or a part of a clock synchronization memory which oper-
ates 1n dependence on the clock signal 1005, resulting 1n that
clectric power consumption 1s not reduced.

Though the apparatus 1000 1llustrated in FI1G. 1 1s designed
to include three packet processing units, an apparatus includ-
ing a single packet processing unit would be accompanied
with the above-mentioned problem.

For instance, Japanese Patent Application Publication No.
2003-158771 has suggested a mobile node making packet-
exchange type communication, including a first recerver
which receives a packet or a notification signal indicative of
arrival of a packet, a second receiver which receives a packet
at electric power greater than electric power at which the first
receiver recerves a packet, and a controller which causes the
first recerver to monitor the notification signal or arrival of a
packet while a packet 1s not being recerved, and causes the
second recerver to receive a packet when the first recerver
received the notification signal or a packet.

In the suggested mobile node, the first receiver i1s kept
monitoring arrival of a packet, and 1f the first recerver detected
arrival of a packet, the second recerver recerves the detected
packet, ensuring reduction 1n electric power consumption in
the mobile node. Furthermore, 11 a packet 1s not recerved for
a predetermined period of time during the second receiver 1s
in operation, the second recerver 1s turned off, and the first
receiver 1s turned on, ensuring further reduction in electric
power consumption.

However, the above-mentioned mobile node cannot
accomplish packet receipt 1n conformity with packet mput
traffic. Specifically, the suggested mobile node 1s designed to
turn on one of the first and second receivers merely 1n depen-
dence on whether a packet 1s recerved or not. Thus, the sug-
gested mobile node 1s accompanied with a problem that the
second receiver which receives a packet at electric power
greater than electric power at which the first receiver receives
a packet operates regardless of packet input traflic, resulting
in that 1t 1s not possible to etlectively reduce electric power
consumption.

Japanese Patent Application Publication No. 2004-80326
has suggested an 1mage generator including a network inter-
face having MAC making communication with a network, a
data butler storing data received through the network inter-
face, and a register transmitting a request of changing a fre-
quency to a clock generator. On receipt of data from the
network through the network interface, CPU, ASIC and
SDRAM starts operating in accordance with a bus clock
having a predetermined frequency, transmitted from the clock
generator, to output the recerved data. CPU transters SDRAM
into a self-refresh condition at a predetermined timing
through ASIC, and stops operation of ASIC. After CPU trans-
fers into a stand-by mode, the register notifies the clock gen-
erator a changed frequency. The clock generator transmits a
clock signal having the changed frequency to CPU, ASIC and
SDRAM to thereby put the 1image generator into a power-
saving mode.

Japanese Patent Application Publication No. 2004-199139
has suggested a processor system including a plurality of
processors, a controller reading commands to be executed by
the processors, and selecting a processor(s) in which the
commands are executed, and a clock controller controlling a
frequency of a clock signal transmitted to the selected pro-
cessor(s) 1n accordance with the commands to be executed by
the selected processor(s).

Japanese Patent Application Publication No. 2006-279229
has suggested a traflic measuring system including first

means for producing and transmitting a plurality of test pack-
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4

ets, second means for joining the test packets to user packets
transierred 1n a first direction in a packet communication
channel, and separating the test packets from packet rows
transierred in a second direction 1n the packet commumnication
channel, third means for measuring an interval between the
test packets separated from the packet rows by the second
means, and fourth means for estimating traific of the user
packet, based on the measurement result transmitted from the
third means.

SUMMARY OF THE INVENTION

In view of the above-mentioned problems 1n the related art,
it 1s an exemplary object of the present invention to provide an
apparatus for processing a packet which 1s capable of reduc-
ing electric power consumption thereot without deterioration
of a throughput at which packets are input, even when current
input tratfic 1s lower than maximum nput tratfic.

It 1s a further exemplary object of the present invention to
provide a packet communication device including the above-
mentioned apparatus, a method of processing a packet, and a
computer-readable storage medium containing a set of
istructions for causing a computer to carry out a method of
processing a packet 1n a packet processing apparatus.

In a first exemplary aspect of the present invention, there 1s
provided an apparatus for processing a packet, including a
packet processor operating 1n accordance with a clock signal
having a predetermined frequency, to process a packet, and a
clock-signal generator producing the clock signal and trans-
mitting the clock signal to the packet processor, wherein the
clock-signal generator generates a clock signal having a fre-
quency defined in accordance with a time interval at which
packets are input 1nto the apparatus.

In a second exemplary aspect of the present invention,
there 1s provided a packet communication device, including a
packet processor operating 1n accordance with a clock signal
having a predetermined frequency, to process a packet, a
clock-signal generator producing the clock signal and trans-
mitting the clock signal to the packet processor, a packet input
device through which a packet 1s mput into the packet pro-
cessor, and a packet output device through which the packet is
output out of the packet communication device, wherein the
clock-signal generator generates a clock signal having a fre-
quency defined in accordance with a time interval at which
packets are input 1nto the packet mput device.

In a third exemplary aspect of the present invention, there
1s provided a method of processing a packet, including (a)
measuring a time interval at which packets are mput, (b)
producing a clock signal having a frequency defined in accor-
dance with the time interval, and (c) processing a packet 1n
accordance with the clock signal.

In a fourth exemplary aspect of the present invention, there
1s provided a computer-readable storage medium containing
a set ol mstructions for causing a computer to carry out a
method of processing a packet, the set of instructions includ-
ing (a) receiving a signal indicative of a time 1nterval at which
packets are mnput 1nto the packet processing apparatus, (b)
producing a clock signal having a frequency defined in accor-
dance with the time interval, and (¢) transmitting the clock
signal to the packet processing apparatus.

The above and other objects and advantageous features of
the present invention will be made apparent from the follow-
ing description made with reference to the accompanying
drawings, in which like reference characters designate the

same or similar parts throughout the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a related apparatus for pro-
cessing a packet.
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FIG. 2 1s a block diagram of an apparatus for processing a
packet, in accordance with the first exemplary embodiment of
the present invention.

FIG. 3 illustrates a time 1nterval at which packets are input.

FIG. 4 1s a flowchart showing steps to be carried out when
the frequency controller 1n the first exemplary embodiment
generates a clock signal having a predetermined frequency.

FIG. § 1s a block diagram of an apparatus for processing a
packet, 1n accordance with the second exemplary embodi-
ment of the present invention.

FI1G. 6 1s a flowchart showing steps to be carried out when
the frequency controller 1in the second exemplary embodi-
ment generates a clock signal having a predetermined ire-
quency.

FIG. 7 1s a block diagram of an apparatus for processing a
packet, in accordance with the third exemplary embodiment
of the present invention.

FI1G. 8 1s a flowchart showing steps to be carried out when
the frequency controller 1n the third exemplary embodiment
generates {irst to third clock signals each having a predeter-
mined frequency.

FI1G. 9 1s a block diagram of an apparatus for processing a
packet, in accordance with the fourth exemplary embodiment
of the present invention.

FIG. 10 1s a block diagram of an apparatus for processing,
a packet, 1n accordance with the fifth exemplary embodiment
of the present invention.

FI1G. 11 1s a flowchart showing steps to be carried out when
the frequency controller 1n the fifth exemplary embodiment
generates clock signals each having a predetermined fre-
quency.

FIG. 12 1s a block diagram of a packet communication
device 1 accordance with the sixth exemplary embodiment
ol the present 1nvention.

FI1G. 13 1s a flowchart showing steps to be carried out 1n the
operation of the packet communication device in accordance
with the sixth exemplary embodiment of the present mven-
tion.

FIG. 14 1s a block diagram of a packet communication
device 1n accordance with the seventh exemplary embodi-
ment of the present invention.

FI1G. 15 1s a block diagram showing an exemplary structure
of the frequency controller.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

Exemplary embodiments in accordance with the present
invention will be explained hereinbelow with reference to
drawings.

First Exemplary Embodiment

FIG. 2 1s a block diagram of an apparatus 100 for process-
ing a packet, in accordance with the first exemplary embodi-
ment of the present invention.

As 1llustrated 1n FIG. 2, the packet-processing apparatus
100 1s comprised of a packet processor, and a clock-signal
generator 120.

The packet processor 1s comprised of a single packet pro-
cessing unit 110.

The clock-signal generator 120 1s comprised of a standard
clock-signal generator 121, and a frequency controller 122.

The packet processing unit 110 recerves a packet, applies a
first process to the received packet, and outputs the packet to
which the first process was applied.
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6

A number of clock signals (or a number of clock stages)
necessary for the packet processing unit 110 to receive a
packet, apply the first process to the receirved packet, and
output the packet 1s S1.

The packet processing unit 110 operates 1in accordance
with a clock signal 132 having a frequency F ,, transmitted
from the clock-signal generator 120.

The standard clock-signal generator 121 generates a clock
signal 130 having a standard frequency F,, and transmits the
clock signal 130 to the frequency controller 122.

The frequency controller 122 recerves the clock signal 130,
and further receives a signal 131 from an external device (not
illustrated). The s1ignal 131 is indicative of a time interval T at
which packets are imnput into the packet processing unit 110.

FIG. 3 1llustrates the time interval T.

It 1s assumed that a packet Pn 1s input mto the packet
processing unit 110, and next, a packet P(n+1) 1s input into the
packet processing unit 110. The time interval T 1s defined as
a period of time between a time at which a trail 141 of the
packet Pn enters the packet processing unit 110 and a time at
which a head 142 of the packet P(n+1) enters the packet
processing unit 110.

The frequency controller 122 turns the frequency F, of the
clock signal 130 1nto the frequency F , in accordance with the
time terval T indicated in the signal 131. That 1s, the fre-
quency controller 122 generates the clock signal 132 having
the frequency F ,, based on both the clock signal 130 having
a standard frequency F, and the time interval T indicated 1n
the signal 131.

The frequency controller 122 transmits the thus generated
clock signal 132 to the packet processing unit 110. As men-
tioned above, the packet processing unit 110 operates or
processes a packet 1n accordance with the clock signal 132
received from the frequency controller 122.

FIG. 4 15 a flowchart showing steps to be carried out when
the frequency controller 122 generates the clock signal 132
having the frequency F ,, in accordance with both the clock
signal 130 having a standard frequency F,, and the time
interval T indicated 1n the signal 131.

First, the frequency controller 122 recerves the signal 131
indicative of the time interval T, 1n step S101.

Then, the frequency controller 122 calculates a standard
time 1nterval T, defined 1n the equation (A), 1n step S102.

T,=S1/F, (A)

As mentioned above, S1 mndicates a number of clock sig-
nals necessary for the packet processing unit 110 to operate,
and I, indicates a standard frequency of the clock signal 131
transmitted from the standard clock-signal generator 121.

The standard time interval T, 1s defined as a product of the
number S1 and an 1inverse number of the standard frequency
F, which indicates a period of time for one clock stage. That
1s, the standard time 1interval T, indicates a period of time
during which the packet processing unit 110 processes a
packet, or a period of time necessary for a packet to pass
through the packet processing unit 110.

Then, the frequency controller 122 compares the standard
time interval T, with the time interval T indicated 1n the signal
131. Specifically, the 1frequency controller 122 judges
whether the time interval T 1s greater than the standard time
interval T, 1n step S103.

[fthe standard time 1interval T, 1s equal to or greater than the
time mterval T (NO 1n step S103), the frequency controller
122 repeatedly carries out the comparison of the standard
time interval T, with the time interval T. That 1s, the frequency
controller 122 repeatedly carries out the comparison of the
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standard time interval T, with the time nterval T, until the
time 1nterval T 1s judged to be greater than the standard time
interval T,.

If the time interval T 1s greater than the standard time
interval T, (YES 1n step S103), the frequency controller 122

calculates a difference AT 1n accordance with the equation
(B) 1n step S104.

AT=T-T, (B)

Then, the frequency controller 122 calculates a frequency

difference AF , in accordance with the equation (C) 1n step
S105.

T=T,+AT=S1/(Fy~AF ) (C)

Then, the frequency controller 122 subtracts the thus cal-
culated frequency difference AF, from the standard fre-
quency F, 1n accordance with the equation (D) 1n step S106.

(D)

Thus, there 1s obtained the frequency F , of the clock signal
132 to be transmitted to the packet processing unit 110.

Then, the frequency controller 122 transmits the clock
signal 132 having the frequency F | to the packet processing
unit 110 1n step S107.

The packet processing unit 110 operates 1n accordance
with the clock signal 132 recerved from the frequency con-
troller 122. Specifically, the packet processing unit 110
applies the first process to a packet.

In accordance with the packet-processing apparatus 100,
the clock-signal generator 120 keeps monitoring the time
interval T, and generates the clock signal 132 having the
frequency F , on which the time interval T 1s reflected. The
packet processing unit 100 processes a packet in accordance
with the clock signal 132 having the frequency F ,, received
from the clock-signal generator 120.

Thus, a packet 1s processed 1n accordance with the clock
signal 132 generated 1n dependence on packet input tratfic. In
particular, since the frequency F , of the clock signal 132 to be
input into the packet processing unit 110 1s made smaller as
the time 1nterval T 1s greater, it 1s possible to reduce electric
power consumed 1n the packet processing unit 110.

As mentioned above, since the frequency ditference AF | 1s
calculated 1n accordance with the equation (C) when the time
interval T 1s greater than the standard time interval T, the
frequency difference AF , i1s positive. Accordingly, the fre-
quency F , of the clock signal 132 calculated in accordance
with the equation (D) 1s smaller than the standard frequency
F,. Thus, the packet processing unit 110 operates in accor-
dance with the clock signal 132 having a frequency smaller
than the standard frequency F,, it 1s possible to reduce electric
power consumed in the packet processing unit 110.

The fact that the time 1nterval T 1s greater than the standard
time nterval T, means that packets are input into the packet-
processing apparatus 100 at a time interval longer than the
standard time mterval T,. In other words, packet input tratfic
1s significantly lowered. Accordingly, even 1f a frequency of
the clock signal 132 1input into the packet processing unit 110
1s made smaller, the packet processing unit 110 could process
a packet without delay and further without reduction 1n a
throughput.

In contrast, when the time interval T 1s smaller than the
standard time interval T, (T<<TO0), packet input traific 1s high,
and hence, a frequency of the clock signal 132 mput 1nto the
packet processing unit 110 1s not lowered. Thus, the packet
processing unit 110 can process a packet at a high throughput.

Furthermore, since 1t 1s not necessary to develop unique
tools unlike the above-mentioned non-synchronization cir-
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cuit system, 1t 1s possible to reduce development costs, and 1t
1s also possible to reduce electric power consumption in coms-
parison with the clock synchronization circuit system.

The packet-processing apparatus 100 1n accordance with
the first exemplary embodiment 1s applicable to a device
which 1s not allowed to be put 1into a stand-by mode, such as
a data communication device. As an alternative, the packet-
processing apparatus 100 1s applicable to a circuit or a module
to be mounted on a device which 1s not allowed to be put into

a stand-by mode. For instance, the packet-processing appa-
ratus 100 1s applicable to ASIC or FPGA.

Second Exemplary Embodiment

FIG. 5 1s a block diagram of an apparatus 200 for process-
ing a packet, mn accordance with the second exemplary
embodiment of the present invention.

In comparison with the packet-processing apparatus 100
illustrated 1n FIG. 2, the packet-processing apparatus 200
illustrated 1n FIG. 5 1s designed to additionally include a
measuring device 210 which measures the time interval T,
and transmits the signal 131 indicative of the time interval T,
to the frequency controller 122.

The packet-processing apparatus 200 1n accordance with
the second exemplary embodiment is structurally different
from the packet-processing apparatus 100 in accordance with
the first exemplary embodiment only 1n additionally 1nclud-
ing the measuring device 210. Thus, parts or elements that
correspond to those of the packet-processing apparatus 100
have been provided with the same reference numerals, and
operate 1in the same manner as corresponding parts or ele-
ments 1n the first embodiment, unless explicitly explained
hereinbelow.

Whereas the packet-processing apparatus 100 recerves the
signal 131 indicative of the time nterval T from an external
device, the packet-processing apparatus 200 can measure the
time 1nterval T by 1tself.

FIG. 6 1s a flowchart showing steps to be carried out when
the frequency controller 122 generates the clock signal 132 1n
the packet-processing apparatus 200.

Since the measuring device 210 measures the time interval
T 1n the packet-processing apparatus 200, step S101 1llus-
trated 1n FIG. 4 1s not carried out, but step S100 1n which the
time mterval T 1s measured by the measuring device 210 1s
carried out in FI1G. 6. The other steps S102 to S107 are carried
out stmilarly to the operation of the packet-processing appa-
ratus 100.

Third Exemplary Embodiment

FIG. 7 1s a block diagram of an apparatus 300 for process-
ing a packet, in accordance with the third exemplary embodi-
ment of the present invention.

As 1llustrated 1n FIG. 7, the packet-processing apparatus
300 1s comprised of a packet processor 310, and a clock-
signal generator 320.

The packet processor 310 1s comprised of a first packet
processing unit 311, a second packet processing unit 312, and
a third packet processing unit 313, which are electrically
connected 1n series with one another.

The clock-signal generator 320 1s comprised of a standard
clock-signal generator 321, and a frequency controller 322.

The first packet processing unit 311 recerves a packet,
applies a first process to the received packet, and outputs the
packet to which the first process was applied to the second
packet processing umt 312.
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A number of clock signals (or a number of clock stages)
necessary for the first packet processing unit 311 to receive a
packet, apply the first process to the recerved packet, and
output the packet to the second packet processing unit 312 1s
S1.

The first packet processing unit 311 operates in accordance
with a first clock signal 332 having a frequency F ,, transmit-
ted from the clock-signal generator 320.

The second packet processing unit 312 recerves a packet
from the first packet processing unit 311, applies a second
process to the recerved packet, and outputs the packet to
which the second process was applied to the third packet
processing unit 313.

A number of clock signals (or a number of clock stages)
necessary for the second packet processing unit 312 to receive
a packet, apply the second process to the received packet, and
output the packet to the third packet processing unit 313 1s S2.

The second packet processing unit 312 operates 1n accor-
dance with a second clock signal 333 having a frequency F .,
transmitted from the clock-signal generator 320.

The third packet processing unit 313 receives a packet from
the second packet processing unit 312, applies a third process
to the received packet, and outputs the packet to which the
third process was applied out of the packet-processing appa-
ratus 300.

A number of clock signals (or a number of clock stages)
necessary for the third packet processing unit 313 to receive a
packet, apply the third process to the received packet, and
output the packet out of the packet-processing apparatus 300
1s S3.

The third packet processing unit 313 operates 1n accor-
dance with a third clock signal 334 having a frequency F .,
transmitted from the clock-signal generator 320.

The standard clock-signal generator 321 generates a clock
signal 330 having a standard frequency F,, and transmits the
clock signal 330 to the frequency controller 322.

The frequency controller 322 recerves the clock signal 330
from the standard clock-signal generator 321, and further
receives a signal 331 from an external device (not 1llustrated).
The signal 331 1s indicative of a time interval T (see FIG. 3) at
which packets are input 1nto the first packet processing unit
311.

The frequency controller 322 turns the frequency F, of the
clock signal 330 into the frequency F ,, F; and F - in accor-
dance with the time mterval T indicated 1n the signal 331. That
1s, the frequency controller 322 generates the first clock signal
332 having the frequency F ,, the second clock signal 333
having the frequency F 5, and the third clock signal 334 having,
the frequency F ., based on both the clock signal 330 having
a standard frequency F,, and the time interval T indicated 1n
the signal 331.

The frequency controller 322 transmits the thus generated
first to third clock signals 332, 333 and 334 to the first to third
packet processing units 311, 312 and 313, respectively. As
mentioned above, the first to third packet processing units
311, 312 and 313 operate or process a packet i accordance
with the first to third clock signals 332, 333 and 334, respec-
tively, recerved from the frequency controller 322.

FIG. 8 1s a flowchart showing steps to be carried out when
the frequency controller 322 generates the first clock signal
332 having the frequency F ,, the second clock signal 333
having the frequency F 5, and the third clock signal 334 having,
the frequency F .. 1n accordance with both the clock signal 330
having a standard frequency F,, and the time mterval T 1ndi-
cated 1n the signal 331.

First, the frequency controller 322 recerves the signal 331
indicative of the time interval T, 1n step S101.
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Then, the frequency controller 322 calculates a standard
time interval T, defined 1n the equation (A1), 1n step S102.

T, =S1/Fy+S2/F ;+S3/F, (A1)

As mentioned above, each of S1, S2 and S3 indicates a
number of clock signals necessary for the first to third packet
processing units 311,312, and 313 to operate, and F, indicates
a standard frequency of the clock signal 331 transmitted from
the standard clock-signal generator 321.

The fraction S1/F, 1s defined as a product of the number S1
and an iverse number of the standard frequency F, which
indicates a period of time for one clock stage. That 1s, the
fraction S1/F , indicates a period of time during which the first
packet processing unit 311 processes a packet, or a period of
time necessary for a packet to pass through the first packet
processing unit 311.

Similarly, the fraction S2/F, indicates a period of time
during which the second packet processing unit 312 pro-
cesses a packet, or a period of time necessary for a packet to
pass through the second packet processing unit 312, and the
fraction S3/F, indicates a period of time during which the
third packet processing umt 313 processes a packet, or a
period of time necessary for a packet to pass through the third
packet processing umt 313.

Accordingly, the standard time interval T, defined as a sum
of the fractions S1/F,, S2/F, and S3/F, indicates a period of
time during which the first to third packet processing units
311, 312 and 313 process a packet, or a period of time nec-
essary for a packet to pass through the first to third packet
processing units 311, 312 and 313.

Then, the frequency controller 322 compares the standard
time interval T, with the time interval T indicated 1n the signal
331. Specifically, the frequency controller 322 judges
whether the time interval T 1s greater than the standard time
interval T, 1n step S103.

[fthe standard time 1interval T, 1s equal to or greater than the
time mterval T (NO 1n step S103), the frequency controller
322 repeatedly carries out the comparison of the standard
time interval T, with the time interval T. That 1s, the frequency
controller 322 repeatedly carries out the comparison of the
standard time interval T, with the time interval T, until the
time interval T 1s judged to be greater than the standard time
interval T .

If the time interval T 1s greater than the standard time
interval T, (YES 1n step S103), the frequency controller 322
calculates a difference AT 1n accordance with the equation
(B) 1n step S104.

AT=T-T, (B)

Then, the frequency controller 322 calculates frequency

differences AF ,, AF;, and AF . 1n accordance with the equa-
tion (C1) 1n step S105A.

T=T+AT=SU(F o~ AF )+S2/(F o~AF 2)+S3/(F = AF ) (C1)

The frequency differences AF ,, AF;, and AF .. can be cal-
culated 1n accordance with the equation (C1) as follows, for
instance.

First, the frequency differences AF ,, AF;, and AF - are
calculated on the assumption that the frequency differences
AF ,, AF ., and AF . are all equal to one another.

Second, the frequency differences AF ,, AF,, and AF - are
calculated such that the frequency ditference AF . for the third
clock signal 334 1s first reduced to zero in accordance with the
difference AT, and then, the frequency difference AF  for the
second clock signal 333 1s reduced, and finally, the frequency
difference AF . for the first clock signal 332 1s reduced.
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As an alternative, other calculation rules may be prepared
in advance for calculating the frequency ditterences AF ,,
AF 5, and AF ..

The thus calculated frequency differences AF ,, AF 5, and
AF . are all equal to or greater than zero. Any one or two may
be equal to zero.

Then, the frequency controller 322 subtracts the thus cal-
culated frequency differences AF ,, AF,, and AF -~ from the
standard frequency F 1n accordance with the equations (D),

(D1) and (D2) in step S106A.

F ,=F,~AF (D)

Fp=Fqa—AFp (D1)

Fe=Fo-AF - (D2)

Thus, there are obtained the frequency F , of the first clock
signal 332, the frequency F, of the second clock signal 333,
and the frequency F_ of the third clock signal 334 to be
transmitted to the first to third packet processing units 311,
312 and 313, respectively.

Then, the frequency controller 322 transmuts the first clock
signal 332 having the frequency F | to the first packet process-
ing unmit 311, the second clock signal 333 having the fre-
quency F; to the second packet processing unit 312, and the
third clock signal 334 having the frequency F - to the third
packet processing unit 313, 1n step S107A.

The first to third packet processing units 311, 312 and 313
operate 1n accordance with the first to third clock signals 332,
333 and 334 received from the frequency controller 322,
respectively. Specifically, first to third packet processing units
311, 312 and 313 apply the first to third processes to a packet,
respectively.

In accordance with the packet-processing apparatus 300,
the clock-signal generator 320 keeps monitoring the time
interval T, and generates the clock signals 332, 333 and 334
cach having the frequency F ,, F; and F . on which the time
interval T 1s reflected. The first to third packet processing
units 311, 312 and 313 process a packet in accordance with
the clock signals 332, 333 and 334 each having the frequency
F ,, Fzand F -, received from the clock-signal generator 320.

Thus, a packet 1s processed 1n accordance with the clock
signals 332, 333 and 334 generated 1n dependence on packet
input trailic. In particular, since the frequencies F ,,Fpand F -
of the clock signals 332, 333 and 334 to be input into the first
to third packet processing units 311, 312 and 313, respec-
tively, 1s made smaller as the time 1nterval T 1s greater, it 1s
possible to reduce electric power consumed 1n the packet-
processing apparatus 300.

As mentioned above, since the frequency differences AF _,
AF 5, and AF . are calculated 1n accordance with the equation
(C1) when the time interval T 1s greater than the standard time
interval T, the frequency differences AF ,, AF 5, and AF - are
all positive. Accordingly, the tfrequencies F ,, F,and F . of the
clock signals 332, 333 and 334 calculated in accordance with
the equations (D), (D1) and (D2) are smaller than the standard
frequency F,. Thus, the first to third packet processing units
311, 312 and 313 operate 1n accordance with the clock signals
332, 333 and 334 cach having a frequency smaller than the
standard frequency F,, 1t 1s possible to reduce electric power
consumed 1n the packet processing apparatus 300.

The fact that the time 1nterval T 1s greater than the standard
time interval T, means that packets are input into the packet-
processing apparatus 300 at a time interval longer than the
standard time 1nterval T,. In other words, packet input tratfic
1s significantly lowered. Accordingly, even if frequencies of
the clock signals 332, 333 and 334 mput into the first to third
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packet processing units 311, 312 and 313 are made smaller,
the first to third packet processing units 311, 312 and 313

could process a packet without delay and further without
reduction 1n a throughput.

In contrast, when the time interval T 1s smaller than the
standard time interval T, (T<<T0), packet input tratfic 1s high,
and hence, frequencies of the clock signals 332, 333 and 334
input into the first to third packet processing units 311, 312
and 313 are not lowered. Thus, the first to third packet pro-
cessing units 311, 312 and 313 can process a packet at a high
throughput.

Furthermore, since 1t 1s not necessary to develop unique
tools unlike the above-mentioned non-synchronization cir-
cuit system, it 1s possible to reduce development costs, and 1t
1s also possible to reduce electric power consumption in coms-
parison with the clock synchronization circuit system.

The packet-processing apparatus 300 1n accordance with
the third exemplary embodiment 1s applicable to a device
which 1s not allowed to be put 1into a stand-by mode, such as
a data communication device. As an alternative, the packet-
processing apparatus 300 1s applicable to a circuit or a module
to be mounted on a device which 1s not allowed to be put into
a stand-by mode. For instance, the packet-processing appa-
ratus 100 1s applicable to ASIC or FPGA.

The packet-processing apparatus 300 1n accordance with
the third exemplary embodiment 1s designed to include three
packet processing units. A number of packet processing units
1s not to be limited to three. The packet-processing apparatus
300 may be designed to include two or more packet process-
ing units.

Fourth Exemplary Embodiment

FIG. 9 1s a block diagram of an apparatus 400 for process-
ing a packet, in accordance with the fourth exemplary
embodiment of the present invention.

In comparison with the packet-processing apparatus 300
illustrated 1n FIG. 7, the packet-processing apparatus 400
illustrated 1n FIG. 9 1s designed to additionally include a first
clock crossover device 410 disposed between the first and
second packet processing units 311 and 312, and a second
clock crossover device 420 disposed between the second and
third packet processing units 312 and 313.

The packet-processing apparatus 400 1n accordance with
the fourth exemplary embodiment 1s structurally different
from the packet-processing apparatus 300 in accordance with
the third exemplary embodiment only 1n additionally includ-
ing the first and second packet crossover devices 410 and 420.
Thus, parts or elements that correspond to those of the packet-
processing apparatus 300 have been provided with the same
reference numerals, and operate in the same manner as cor-
responding parts or elements 1n the first embodiment, unless
explicitly explained hereinbelow.

For instance, in the packet-processing apparatus 300 1n
accordance with the third exemplary embodiment, the fre-
quency F , of the first clock signal 332 to be transmitted to the
first packet processing unit 311 1s different from the fre-
quency F, of the second clock signal 333 to be transmitted to
the second packet processing unit 312.

The first clock crossover device 410 has a function of
synchronizing a packet transmitted to the second packet pro-
cessing unit 312 from the first packet processing unit 311, to
both the clock signals 332 and 333 having different frequen-
cies from each other. The first clock crossover device 410
makes 1t possible to smoothly transmit a packet to the second
packet processing unit 312 from the first packet processing

unit 311.
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Similarly to the first clock crossover device 410, the second
clock crossover device 420 has a function of synchronizing a
packet transmitted to the third packet processing unit 313
from the second packet processing unit 312, to both the clock
signals 333 and 334 having different frequencies from each
other. The second clock crossover device 420 makes 1t pos-
sible to smoothly transmit a packet to the third packet pro-
cessing unit 313 from the second packet processing unit 312.

The above-mentioned clock crossover device may be
applied to a packet-processing apparatus and a later-men-
tioned packet communication device which includes two or
more packet processing units, 1n which case, the clock cross-
over device 1s disposed between packet processing units dis-
posed adjacent to each other.

Fifth Exemplary Embodiment

FIG. 10 1s a block diagram of an apparatus 500 for pro-
cessing a packet, in accordance with the fifth exemplary
embodiment of the present invention.

In comparison with the packet-processing apparatus 300
illustrated 1n FIG. 7, the packet-processing apparatus 500
illustrated 1n FIG. 10 1s designed to additionally include a
measuring device 510 which measures the time 1nterval T,
and transmits the signal 331 indicative of the time interval T,
to the frequency controller 322.

The packet-processing apparatus 500 in accordance with
the fifth exemplary embodiment 1s structurally different from
the packet-processing apparatus 300 in accordance with the
third exemplary embodiment only 1n additionally including
the measuring device 510. Thus, parts or elements that cor-
respond to those of the packet-processing apparatus 300 have
been provided with the same reference numerals, and operate
in the same manner as corresponding parts or elements in the
first embodiment, unless explicitly explained hereinbelow.

Whereas the packet-processing apparatus 300 receives the
signal 331 indicative of the time interval T from an external
device, the packet-processing apparatus 500 can measure the
time nterval T by 1tself.

FI1G. 11 1s a flowchart showing steps to be carried out when
the frequency controller 322 generates the clock signals 332,
333 and 334 1n the packet-processing apparatus 500.

Since the measuring device 310 measures the time 1nterval
T 1n the packet-processing apparatus 500, step S101 1llus-
trated 1n FIG. 8 1s not carried out, but step S100 1n which the
time mterval T 1s measured by the measuring device 510 1s
carried out in FIG. 11. The other steps S102 to S107A are
carried out similarly to the operation of the packet-processing

apparatus 300.

Sixth Exemplary Embodiment

FIG. 12 1s a block diagram of a packet communication
device 600 1in accordance with the sixth exemplary embodi-
ment of the present invention.

As illustrated 1n FI1G. 12, the packet communication device
600 1s comprised of a packet processor 610, a clock-signal
generator 620, a packet input device 630, and a packet output
device 640.

The packet communication device 600 includes the packet-
processing apparatus 300 1n accordance with the third exem-
plary embodiment, i1llustrated 1n FIG. 7, 1n order to process
packets input thereinto. Specifically, the packet processor 610
1s structurally identical with the packet processor 310 1n the
packet-processing apparatus 300, and the clock-signal gen-
erator 620 1s structurally 1dentical with the clock-signal gen-
erator 320 1in the packet-processing apparatus 300. Thus, parts
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or elements that correspond to those of the packet-processing
apparatus 300 have been provided with the same reference
numerals, and operate 1n the same manner as corresponding
parts or elements in the first embodiment, unless explicitly
explained hereinbelow.

The packet input device 630 1s comprised of a packet input
terminal 631, a first packet buifer 632, and a clock signal input
terminal 633.

A clock signal 634 1s input into the first packet butler 632
through the clock signal input terminal 633. The first packet
builer 632 receives a packet through the packet input terminal
631 1n synchronization with the received clock signal 634.

The first packet butier 632 temporarily stores therein pack-
ets having been recerved through the packet input terminal
631.

For instance, the frequency controller 322 1n the sixth
exemplary embodiment 1s designed to transmit a clock signal
635 to the first packet buller 632. On receipt of the clock
signal 635 from the frequency controller 322, the first packet
butiler 632 transmits a packet stored therein to the first packet
processing unit 311.

The packet output device 640 1s comprised of a packet
output terminal 641, a second packet butler 642, and a clock
signal input terminal 643.

For instance, the frequency controller 322 1n the sixth
exemplary embodiment 1s designed to transmit a clock signal
645 to the second packet bufler 642. On receipt of the clock
signal 645 from the frequency controller 322, the second
packet bulfer 642 receives a packet having been processed in
the first to third packet processing units 311 to 313, from the
third packet processing unit 313.

The second packet bulfer 642 temporarily stores therein
packets recerved from the third packet processing unit 313.

A clock signal 644 1s input into the second packet butifer
642 through the clock signal input terminal 643. The second
packet bulfer 642 outputs a packet through the packet output
terminal 641 out of the packet communication device 600 in
synchronization with the received clock signal 644.

FIG. 13 1s a flowchart showing steps to be carried out in the
operation of the packet communication device 600.

First, the packet input device 630 recerves a packet 1n step
S90. The packet 1s transmitted to the first packet processing
unmit 311 from the packet imput device 630.

Then, the steps S101, S102, S103, S104, S105A, S106A
and S107A are carried out as the operation of the packet-
processing apparatus 300.

Then, the packet to which the first to third processes were
applied 1n the first to third packet processing units 311 to 313
1s output out of the packet communication device 600 through
the packet output device 640 1n step S108.

Since the packet communication device 600 1n accordance
with the sixth exemplary embodiment 1s designed to include
the packet-processing apparatus 300 therein, the packet com-
munication device 600 provides the same advantages as those
provided by the packet-processing apparatus 300.

The packet communication device 600 in accordance with
the sixth exemplary embodiment 1s designed to include the
packet-processing apparatus 300 therein. As an alternative,
the packet communication device 600 may be designed to
include the packet communication device 100, 200 or 400 1n
accordance with the first, second or fourth exemplary
embodiment.

The structure of the packet input device 630 and the packet
output device 640 1s exemplary. They may be designed to
have another structure.
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Seventh Exemplary Embodiment

FIG. 14 1s a block diagram of a packet commumnication
device 700 in accordance with the seventh exemplary
embodiment of the present invention.

In comparison with the packet communication device 600
illustrated in FIG. 12, the packet communication device 700
illustrated 1 FIG. 14 1s designed to additionally include a
measuring device 710 which measures the time interval T,
and transmits the signal 331 indicative of the time interval T,
to the frequency controller 322.

That 1s, the packet communication device 700 includes the
packet-processing apparatus 400 in accordance with the
fourth exemplary embodiment, illustrated in FIG. 9, 1n order
to process packets input thereinto.

The packet communication device 700 1n accordance with
the seventh exemplary embodiment 1s structurally different
from the packet commumnication device 600 in accordance
with the sixth exemplary embodiment only in additionally
including the measuring device 710. Thus, parts or elements
that correspond to those of the packet communication device
600 have been provided with the same reference numerals,
and operate 1n the same manner as corresponding parts or
clements in the first embodiment, unless explicitly explained
hereinbelow.

The packet input terminal 631 transmits a signal 711 to the
measuring device 710 each time a packet passes there-
through. The measuring device 710 can measure the time
interval T by measuring a time between two successive sig-
nals 711.

Since the measuring device 710 measures the time interval
T, step S101 1illustrated in FI1G. 13 1s not carried out, but step
S100 (see FIG. 11) 1n which the time interval T 1s measured by
the measuring device 710 1s carried out in the operation of the
packet communication device 700. The other steps 590,
S102, S103, S104, S105A, S106A, S107A and S108 are
carried out similarly to the operation of the packet commu-
nication device 600.

In the above-mentioned first to seventh exemplary embodi-
ments, the frequency controller 122 or 322 may be accom-
plished by a data processor and a program to carry out the
functions of the frequency controller 122 or 322.

FIG. 15 1s a block diagram showing an exemplary structure
of the frequency controller 122 or 322.

As 1llustrated in FIG. 15, the frequency controller 122 or
322 1s comprised of a central processing unit (CPU) 801, a
first memory 802, a second memory 803, an 1mput interface
804 through which a command and/or data 1s input into the
central processing unit 801, an output interface 804 through
which a result of steps having been executed by the central
processing unit 801 1s output, and a bus 806 through which the
central processing unit 801 1s electrically connected with the
first memory 802, the second memory 803, the input interface
804, and the output interface 805.

Each of the first and second memories 802 and 803 1s
comprised of a semiconductor memory such as a read only
memory (ROM), a random access memory (RAM) or an IC
memory card, or a storage device such as a tlexible disc, a
hard disc or an optic magnetic disc.

In the exemplary structure, the first memory 802 comprises
a read only memory (ROM), and the second memory 803
comprises a random access memory (RAM).

The first memory 802 stores therein a program for causing,
the central processing unit 801 to carry out the steps of (a)
receiving the signal 131 or 331 indicative of the time interval
T, (b) producing the clock signals 132, 332, 333 and 334 each

having a frequency defined 1n accordance with the time inter-
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val T, and (c) transmitting the clock signals 132, 332,333 and
334 to the packet processing units 110, 311, 312 and 313.

Such a program may be presented through a recording
medium readable by a computer.

The second memory 803 stores therein various data and
parameters, and presents a working area to the central pro-
cessing unit 801. The central processing unit 801 reads the
program out of the first memory 802, and executes the pro-
gram. Thus, the central processing unit 801 operates 1n accor-
dance with the program stored 1n the first memory 801.

Specifically, the central processing unit 801, the first
memory 802, and the second memory 803 functionally define

the frequency controller 122 or 322.
Similarly, the central processing unit 801, the first memory

802, and the second memory 803 may be designed to func-
tionally define the frequency controller 122 and the packet
processor 110, or the frequency controller 322 and the packet
processor 310.

Apart from the above-mentioned exemplary embodiments,
the present ivention has preferred exemplary embodiments
as follows.

In a preferred embodiment of the apparatus for processing,
a packet 1n accordance with the present invention, the clock-
signal generator generates the clock signal having a smaller
frequency as the time 1nterval 1s greater.

In a preferred embodiment of the apparatus for processing,
a packet 1n accordance with the present invention, the clock-
signal generator compares the time interval with a predeter-
mined standard time interval, calculates a frequency gap
defined 1n accordance with a difference between the time
interval and the predetermined standard time interval, if the
time interval 1s greater than the predetermined standard time
interval, and generates a clock signal having a frequency
calculated by subtracting the frequency gap from a predeter-
mined standard frequency.

In a preferred embodiment of the apparatus for processing,
a packet 1n accordance with the present invention, the prede-
termined standard time interval 1s equal to a total period of
time necessary for a packet to be input into the packet pro-
cessor and then output out of the packet processor.

In a preferred embodiment of the apparatus for processing,
a packet in accordance with the present invention, wherein the
predetermined standard time interval 1s equal to a quotient
calculated by dividing a number of clock signals necessary
for a packet to be mput 1nto the packet processor and then
output out of the packet processor, by the predetermined
standard frequency.

In a preferred embodiment of the apparatus for processing,
a packet 1n accordance with the present invention, the appa-
ratus further includes a measuring device for measuring the
time 1nterval.

In a preferred embodiment of the apparatus for processing,
a packet 1 accordance with the present invention, the packet
processor 1s comprised of at least two packet processing units
connected 1n series with each other and each operating 1n
accordance with a clock signal having a frequency unique
thereto, the clock-signal generator producing a clock signal
having a frequency unique to each of the packet processing
units, and transmitting the clock signal to each of the packet
processing units.

In a preferred embodiment of the apparatus for processing,
a packet 1n accordance with the present invention, the prede-
termined standard time interval 1s equal to a total period of
time necessary for a packet to be mput nto the packet pro-
cessing units and then output out of the packet processing
units.




US 8,116,314 B2

17

In a preferred embodiment of the apparatus for processing
a packet 1n accordance with the present invention, the prede-
termined standard time 1nterval 1s equal to a sum of quotients
cach calculated by dividing a number of clock signals neces-
sary for a packet to be input into each of the packet processing
units and then output out of each of the packet processing
units, by the predetermined standard frequency.

In a preferred embodiment of the apparatus for processing
a packet 1n accordance with the present mnvention, the appa-
ratus further includes a clock crossover device which syn-
chronizes a packet transmitted from a packet processing unit
to a next packet processing unit, to both clock signals to be
transmitted to those two packet processing units.

In a preferred embodiment of the apparatus for processing,
a packet 1 accordance with the present invention, the appa-
ratus 1s constructed as a circuit for processing a packet.

In a preferred embodiment of the packet communication
device 1 accordance with the present invention, the clock-
signal generator generates the clock signal having a smaller
frequency as the time interval 1s greater.

In a preferred embodiment of the packet communication
device 1 accordance with the present invention, the clock-
signal generator compares the time 1nterval with a predeter-
mined standard time interval, calculates a frequency gap
defined 1 accordance with a difference between the time
interval and the predetermined standard time interval, 11 the
time 1nterval 1s greater than the predetermined standard time
interval, and generates a clock signal having a frequency
calculated by subtracting the frequency gap from a predeter-
mined standard frequency.

In a preferred embodiment of the packet communication
device 1n accordance with the present invention, the packet
communication device further includes a measuring device
for measuring the time interval.

In a preferred embodiment of the packet communication
device 1n accordance with the present invention, the packet
processor 1s comprised of at least two packet processing units
connected 1n series with each other and each operating 1n
accordance with a clock signal having a frequency unique
thereto, the clock-signal generator producing a clock signal
having a frequency unique to each of the packet processing
units, and transmitting the clock signal to each of the packet
processing units.

In a preferred embodiment of the method of processing a
packet, in accordance with the present invention, the clock
signal 1s generated in the step (b) to have a smaller frequency
as the time interval 1s greater.

In a preferred embodiment of the method of processing a
packet, 1n accordance with the present invention, the step (b)
includes (b1) comparing the time interval with a predeter-
mined standard time interval, (b2) calculating a frequency
gap defined 1n accordance with a difference between the time
interval and the predetermined standard time interval, i1 the
time 1nterval 1s greater than the predetermined standard time
interval, and (b3) producing a clock signal having a frequency
calculated by subtracting the frequency gap from a predeter-
mined standard frequency.

In a preferred embodiment of the computer-readable stor-
age medium containing a set of instructions for causing a
computer to carry out a method of processing a packet 1n a
packet processing apparatus, in accordance with the present
invention, the clock signal 1s generated in the step (b) to have
a smaller frequency as the time 1nterval 1s greater.

In a preferred embodiment of the computer-readable stor-
age medium, the step (b) includes (b1) comparing the time
interval with a predetermined standard time interval, (b2)
calculating a frequency gap defined 1n accordance with a
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difference between the time 1nterval and the predetermined
standard time interval, if the time interval 1s greater than the
predetermined standard time interval, and (b3) producing a
clock signal having a frequency calculated by subtracting the
frequency gap from a predetermined standard frequency.

The exemplary advantages obtained by the above-men-
tioned exemplary embodiments are described hereinbelow.

In the apparatus for processing a packet, 1n accordance
with the present invention, the clock-signal generator gener-
ates a clock signal having a frequency defined 1n accordance
with a time interval at which packets are input into the appa-
ratus, and the packet processor processes a packet 1n accor-
dance with the clock signal recetved from the clock-signal
generator. Accordingly, the apparatus processes a packet 1n
accordance with fluctuation in packet input tratfic.

Specifically, 1f the time interval 1s greater than a predeter-
mined standard time nterval, a frequency of the clock signal
1s made smaller. When the time interval 1s greater than a
predetermined standard time interval, since input packet trat-
fic 1s reduced, 1t would be possible to process packets without
delay, even 11 a frequency of the clock signal 1s made smaller.
Accordingly, when the apparatus receives packets in a large
volume, the apparatus processes the packets without lowering
a frequency of the clock signal for maintaining a high
throughput, whereas when the apparatus receives packets in a
small volume, the apparatus processes the packets with a
frequency of the clock signal being lowered. Thus, the appa-
ratus provides an advantage that 1t 1s possible to effectively
process packets, ensuring reduction in electric power con-
sumption.

While the present invention has been described 1n connec-
tion with certain exemplary embodiments, 1t 1s to be under-
stood that the subject matter encompassed by way of the
present mvention 1s not to be limited to those specific embodi-
ments. On the contrary, 1t 1s intended for the subject matter of
the invention to include all alternatives, modifications and
equivalents as can be included within the spirit and scope of
the following claims.

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2007-086561
filed on Mar. 29, 2007, the entire disclosure of which, includ-
ing specification, claims, drawings and summary, 1S 1nCOrpo-
rated herein by reference 1n 1ts entirety.

What 1s claimed 1s:
1. A method for changing a clock frequency of a packet
processing unit, comprising:
detecting, by a hardware mechanism, a time interval of an
input signal to the packet processing unit;
calculating, by the hardware mechanism, a standard time
interval as equal to a number of clock pulses needed for
the packet processing unit to operate, divided by a nomi-
nal clock frequency of the packet processing unit;
comparing, by the hardware mechanism, the time interval
detected with the standard time interval calculated; and,
setting the clock frequency of the packet processing unit as
close as possible to zero to reduce power consumption
by the packet processing unit, by:
where the time interval detected 1s greater than the stan-
dard time interval calculated,
calculating, by the hardware mechanism, a new clock
frequency of the packet processing unit as the num-
ber of clock pulses divided by a current clock fre-
quency of the packet processing unit;
setting, by the hardware mechanism, the clock 1fre-
quency of the packet processing unit to the new
clock frequency calculated.
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2. The method of claim 1, further comprising, where the
time 1nterval detected 1s not greater than the standard time
interval calculated,

setting, by the hardware mechanism, the clock frequency
ol the packet processing unit to the nominal clock fre-
quency.
3. The method of claim 1, wherein the time 1nterval of the
input signal 1s detected between consecutively recerved data
packets, during which no data packet 1s recerved.

4. An apparatus comprising:
a packet processing unit having a clock frequency; and,
a hardware mechanism to:

detect a time 1nterval of an input signal to the packet
processing unit;

calculate a standard time 1nterval as equal to a number of
clock pulses needed for the packet processing unit to

operate, divided by a nominal clock frequency of the
packet processing unit;

compare the time interval detect with the standard time
interval calculated; and,

set clock frequency of the packet processing unit as close
as possible to zero to reduce power consumption by
the packet processing unit, by:
where the time interval detected 1s greater than the
standard time interval calculated,

calculating a new clock frequency of the packet
processing unmt as the number of clock pulses
divided by a current clock frequency of the
packet processing unit; and,

setting the clock frequency of the packet process-
ing unit to the new clock frequency calculated.

5. The apparatus of claim 4, wherein where the time inter-
val detected 1s not greater than the standard time interval
calculated, the hardware mechanism 1s to set the clock fre-
quency ol the packet processing unit to the nominal clock
frequency.
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6. The apparatus of claim 4, wherein the hardware mecha-
nism 1s to detect the time interval of the mput signal between
consecutively recerved data packets, during which no data
packet 1s received.

7. A non-transitory computer-readable storage medium
storing a set of computer-readable instructions for causing a
computer to perform a method for changing a clock frequency
ol a packet processing unit, the method comprising:

detecting a time 1nterval of an input signal to the packet

processing unit;

calculating a standard time interval as equal to a number of

clock pulses needed for the packet processing unit to
operate, divided by a nominal clock frequency of the
packet processing unit;

comparing the time interval detected with the standard time

interval calculated; and,

setting the clock frequency of the packet processing unit as

close as possible to zero to reduce power consumption
by the packet processing unit, by:
where the time interval detected 1s greater than the stan-
dard time interval calculated,
calculating, by the hardware mechanism, a new clock
frequency of the packet processing unit as the num-
ber of clock pulses divided by a current clock fre-
quency ol the packet processing unit;
setting, by the hardware mechanism, the clock 1fre-
quency of the packet processing unit to the new
clock frequency calculated.

8. The non-transitory computer-readable storage medium
of claim 7, wherein the method further comprises, where the
time 1nterval detected 1s not greater than the standard time
interval calculated,

setting the clock frequency of the packet processing unit to

the nominal clock frequency.

9. The non-transitory computer-readable data storage
medium of claim 7, wherein the time interval of the input
signal 1s detected between consecutively recerved data pack-
ets, during which no data packet 1s received.
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